Mechanisms
FTIR spectra were obtained on a Nicolet 5700 spectrometer (Thermo Electron) equipped with a Smart Orbit (diamond crystal ATR) accessory, using the reflectance technique (4000-400 cm -1 ). Melting points were obtained using a Boecius apparatus and are uncorrected. Commercial reagents were used without further purification. All solvents were distilled before use. Hexanes refer to the fraction boiling at 60-65 o C. Flash column liquid chromatography (FLC) was performed on silica gel Kieselgel 60 (40-63 m, 230-400 mesh) using Buchi Sepacore® preparative MPLC system and analytical thin-layer chromatography (TLC) was performed on aluminum plates pre-coated with either 0.2 mm (DC-Alufolien, Merck) or 0.25 mm silica gel 60 F 254 (ALUGRAM ® SIL G/UV 254 , Macherey-Nagel). The compounds were visualised by UV fluorescence and by dipping the plates in an aqueous H 2 SO 4 solution of cerium sulphate/ammonium molybdate followed by charring with a heat gun.
Syntheses of substrates 12, 15, 16, 18-20, 22-30, 33-35, 37 and rac-42
12: According to literature 1 to a solution of diastereomeric mixture of (2S,3R)-and (2S,3S)-1,2-Oisopropylidenepent-4-ene-1,2,3-triol 2 (1000 mg, 6.3 mmol) in dry DMF (15 mL) was added imidazole (2.583 g, 37.9 mmol, 6 equiv.) and TBDPSCl (5.214 g, 18.9 mmol, 3 equiv.) at room temp. After stirring the mixture at room temp. overnight, the reaction mixture was diluted with ethyl acetate (200 mL) and washed with water (2 x 70 mL). Organic phase was dried over Na 2 SO 4 and concentrated. The crude product was dissolved in aqueous acetic acid (50%, 50 mL) and heated at 50 °C overnight. The solvents were removed in vacuo, and the residue purified by flash chromatography (EtOAc/hexanes 1:1). Yield of silyl-protected triol 12 was 875 mg (42% over two steps), colourless oil [R f = 0.15, EtOAc/hexanes 1:1, mixture of (2S, 
15:
A solution of DMSO (14.81 g, 189.6 mmol, 2.25 equiv.) in CH 2 Cl 2 (130 mL) was slowly added to oxalyl chloride (15.939 g, 126.6 mmol, 1.5 equiv.) in CH 2 Cl 2 (130 mL) at -78 °C and stirred for 30 min under Ar. A solution of 2-O-benzyl-3,4-O-isopropylidene-L-threitol 14 (21.269 g, 84.3 mmol) in CH 2 Cl 2 (130 mL) was added dropwise at -78 o C. After 30 min stirring at -78 o C Et 3 N (47.1 mL, 337.2 mmol, 4 equiv.) was added. After 1 h at -78 °C, the mixture was allowed to warm to room temperature over 1 h. The mixture was concentrated in vacuo, diluted with ether and filtered through a silica gel pad. The filtrate and washings were combined and concentrated under reduced pressure. The crude product (30.9 g, R f = 0.57, EtOAc/hexanes 1:1) was used without further purification in the next step.
General procedure for Wittig olefination:
A solution of butyl lithium (2 M in hexanes, 10.5 mL, 21 mmol, 1.9 equiv.) was added to a dispersion of phosphonium salt (22 mmol, 2 equiv.) in tetrahydrofuran (100 mL) at 0 o C over 10 min. After 30 min. stirring at 0 o C a solution of the crude threose 15 (2.75 g, 10.99 mmol) in THF (30 mL) was added and the solution was left to stir at room temperature overnight (12 h), and then quenched with saturated solution of NH 4 Cl (100 mL). Ether (100 mL) was added and the separated aqueous phase extracted with Et 2 O (3 × 80 mL). Organic phases were washed with brine (70 mL), dried over Na 2 SO 4 13 
23:

25: To a solution of 1,2-O-isopropylidene-3-O-benzylhex-4-ene-6-ol
3 (1.00 g, 3.59 mmol, prepared by DIBAL reduction of E-17) in dichloromethane (50 mL) tert-butyldiphenylsilyl chloride (1.15 g, 4.66 mmol, 1.3 equiv.) and imidazole (366 mg, 5.39 mmol, 1.5 equiv.) were added at room temperature. After stirring the mixture overnight at rt, dichloromethane was removed in vacuo. The residue was extracted between water (50 mL) and diethyl ether (3 x 50 mL). The organic layers were washed with brine (50 mL), dried over Na 2 SO 4 and concentrated. The crude product was dissolved in CHCl 3 (50 mL) and FeCl 3 .6H 2 O (1.778 g, 6.579 mmol, 2 equiv.) was added at room temperature in one portion and kept for 1 h with stirring. The reaction the mixture was quenched with sat. aq NaHCO 3 (30 mL) and extracted with CHCl 3 (3 x 40 mL). Removal of the solvent in vacuo and flash chromatography purification (silica gel, gradient from 0 to 50% EtOAc in hexanes) gave 25 (950 mg, 56% over two steps). 
26:
To a solution of 1,2-O-isopropylidene-3-O-benzylhex-4-ene-6-ol 3 (1.10 g, 3.95 mmol, prepared by DIBAL reduction of E-17) in tetrahydrofuran (25 mL) sodium hydride (60% in mineral oil, 475 mg, 11.86 mmol, 3 equiv.) was added at room temperature. After 1 h stirring methyl iodide (3.364 g, 23.7 mmol, 6 equiv.) was added and stirred overnight at rt. The mixture was quenched with sat. aq NH 4 Cl (30 mL) and extracted with diethyl ether (3 x 50 mL). Organic phase was dried over Na 2 SO 4 and concentrated to give oil which was dissolved in 60% AcOH (50 mL) and heated at 60 °C for 3 h. The solvents were removed in vacuo and the residue was purified by flash chromatography (silica gel, gradient from 0 to 50% ethyl acetate in hexanes); yield 835 mg (75% over two steps). 13 
HRMS: m/z (ESI
27: To a solution of Z-17
4 (810 mg, 2.52 mmol) in diethyl ether (40 mL) methyl lithium (1M solution in diethyl ether, 5 mL, 5.04 mmol, 2 equiv.) was added at -78 °C during 15 min and stirring was continued at this temperature for 1 h. The mixture was quenched with sat. aq NH 4 Cl (20 mL) and extracted with diethyl ether (3 x 30 mL). Organic layers were washed with brine (30 mL), dried over Na 2 SO 4 and concentrated. The crude product was purified by flash chromatography (silica gel, gradient from 0 to 35% ethyl acetate in hexanes); yield 437 mg (57% 
29:
To a solution of methyl magnesium chloride (3 M in diethyl ether, 22 mL, 63.97 mmol, 3 equiv.) the crude aldehyde 15 (4 g, 15.99 mmol) in diethyl ether (50 mL) was added slowly at 0 o C and the mixture left at room temperature for 1 h. Treatment with sat. aq NH 4 Cl (10 mL) followed; the organic phase was separated and the water phase was extracted with diethyl ether (3 x 50 mL). The combined organic layers were washed with brine (50 mL), dried (Na 2 SO 4 ) and concentrated in vacuo to leave a light brown oil as a mixture of two diastereomers which was dissolved in dichloromethane (50 mL), cooled to 0 °C and freshly prepared solution of Dess-Martin periodinane (6.8 g, 16.00 mmol, 1 equiv.) in dichloromethane (200 mL) was dropped. After 1 h stirring at room temperature, the mixture was washed with saturated NaHCO 3 (2 x 200 mL), brine (100 mL), dried over Na 2 SO 4 and concentrated in vacuo. The crude product was purified by flash chromatography (silica gel, gradient from 0 to 30% ethyl acetate in hexanes); yield 437 mg (56% over 3 steps from 14). All spectroscopic data were in good with agreement with those reported in the lit. were added at -20 °C and the mixture was stirred overnight at -18 °C. The mixture was diluted with pentane (150 mL) and washed with water (40 mL) and brine (40 mL). The organic phase was dried over Na 2 SO 4 and concentrated. The resulting yellow oil was dried under high vacuum (5 min) and dissolved in THF (20 mL). The solution of 32 (520 mg, 1 mmol, 1 equiv.) was added via syringe to a cooled mixture of RMgCl (7 equiv.) and CeCl 3 .2LiCl [prepared according to lit.
6 from anhydrous CeCl 3 (1.725 g, 7 mmol, 7 equiv.) and LiCl (593 mg, 14 mmol, 14 equiv) in THF (80 mL)] at -78 o C. The mixture was allowed to warm to room temperature over a period of 3 h, and stirred at rt overnight. The solvent was evaporated in vacuo, and the residue was quenched with saturated aq NH 4 Cl (30 mL), followed with 2M HCl (50 mL). The organic layer was separated, and the aqueous layer extracted with ethyl acetate (4 x 100 mL). The combined organic layers were dried over Na 2 SO 4 and concentrated. The crude product was purified by flash chromatography (gradient from 0 to 30% of ethyl acetate in hexanes).
33:
Yield 99 mg (52%). CDCl 3 ): δ=7.37-7.18 (m, 5H, Ph), 4.91-4.88 (m, 1H, H-6 a ), 4.82 (dq, J = 2.1, 1.0 
36:
A mixture of diol 33 (8.55 g, 44.5 mmol), p-toluenesulfonic acid monohydrate (1.6 g, 8.9 mmol, 0.2 equiv.) in in dry acetone (200 mL) was stirred over 3 h at rt. The neutralisation with K 2 CO 3 (10 g, 2 h stirring) and concentration provided acetonide (9.6 g) which was dissolved in the mixture of dioxane/H 2 O (200 mL, 1:1). NMethylmorpholine N-oxide (8.8 g, 82.6 mmol, 2 equiv.), OsO 4 (104 mg, 0.413 mmol, 0.01 equiv.) and pyridine (1 mL) were added. After stirring for 5 d at room temperature, the mixture was concentrated in vacuo, and the residue partitioned between H 2 O (200 mL) and ethyl acetate (3 x 170 mL). Organic phase was washed with brine (100 mL), dried over Na 2 SO 4 and concentrated to give a crude black viscous oil (11.9 g), which was dissolved in aqueous MeOH (200 mL, 75%). NaIO 4 (19.1 g, 90 mmol, 2 equiv.) was added in one portion and vigorously stirred for 3 h at room temperature. After solvent removal in vacuo, H 2 O (200 mL) was added and extracted with diethyl ether (3 x 200 mL). Combined organic layer was washed with brine (100 mL), dried over Na 2 SO 4 and concentrated to give a crude aldehyde (8.5 g) as light yellow oil which was used in the next reaction without further purification. For Horner-Wadsforth-Emmons olefination, sodium hydride (3.12 g, 70 mmol, 60% in mineral oil) was dispersed in THF (200 mL), cooled to -20 °C and neat triethyl phosphonoacetate (17.23 g, 80 mmol) was dropped. After stirring the mixture for 30 min rt, a solution of aldehyde (8.5 g) in THF (100 mL) was added, and stirred for 15 min. at rt. The solvent was removed in vacuo. The residue was diluted with ethyl acetate (400 mL), and consecutive washed with water (2 x 130 mL), brine (130 mL), dried over Na 2 SO 4 . Evaporation of solvent gave corresponding ethyl acrylate (12.1 g) which was subjected to DIBAL reduction in dichloromethane (300 mL). Diisobutylaluminium hydride (1M in CH 2 Cl 2 , 120 mL, 120 mmol) was added at -30 °C over 30 min. The mixture was stirred 45 min at -10 °C and quenched with sat. Rochelle salt solution (250 mL). After stirring at rt overnight, the mixture was transferred to a separation funnel and the layers were separated. Water phase was extracted with diethyl ether (2 x 200 mL). Combined organic layer was dried over Na 2 SO 4 concentrated in vacuo. The crude oil was purified by flash chromatography (silica gel, gradient from 0 to 30% of ethyl acetate in hexanes) to give 36 (4.11 g, 39% over 5 steps); HRMS: m/z (ESI) calculated for C 16 
37:
To a solution of diol 36 (2.45 g, 9.4 mmol), pyridine (2.28 mL, 0.028 mmol, 3 equiv.) in CH 2 Cl 2 (30 mL) the acetanhydride (1.77 mL, 18 mmol, 2 equiv.) was added and the mixture was stirred at rt for 3 h. The mixture was diluted with diethylether (100 mL) and washed with water (40 mL) and brine (40 mL). Organic phase was dried over sodium sulphate and concentrated to give a crude oil which was dissolved in 60% AcOH (40 mL) and heated to 60 °C over 3 h. The acetic acid was removed in vacuo and the crude product was purified by FLC (silica gel, gradient from 0 to 50% EtOAc in hexanes). 1H, H-7 b ), 2.90 (dd, J = 13.7, 4.7 Hz, 1H, , H-1 a ), 2.77 (dd, J = 13.6, 8.4 Hz, 1H, H-1 b ) , 2.40 -2.32 (m, 2H, H-4), 2.24 (bs, 1H, OH), 2.23 (bs, 1H, OH), 2.1 (s, O-CO-CH 3 ). 13 
rac-40:
To a solution of cis-alkene 38 (17.9 g, 0.1 mol) in dichloromethane (300 mL) m-chloroperbenzoic acid [a freshly prepared solution from 31.2 g of MCPBA (70%) by extraction to CH 2 Cl 2 (250 mL)] was added at 0 °C over 15 min. After 30 min at rt, the reaction was quenched with sat. aq Na 2 S 2 O 3 (150 mL) and washed with sat. aq NaHCO 3 (2 x 100 mL). Organic phase was washed with brine (50 mL), dried over Na 2 SO 4 and concentrated to give a crude racemic epoxide 21.56 g which was dissolved in THF (200 mL). H 2 O (200 mL) and TFA (1 mL) were added. After 12 h at 60 °C, the mixture was concentrated in vacuo. The reminder was diluted with toluene (150 mL) and concentrated to remove rest of water. The residue, viscous light yellow oil (25 g) was stirred for 3 h at rt in dry acetone (400 mL) in the presence of molecular sieves (4A, 25 g) and p-toluenesulfonic acid monohydrate (2.1g, 0.02 mol). NaHCO 3 (20 g) was added and the mixture was stirred for another 2 h. Solid was filtered off and the filtrate concentrated. The crude O-acetonide-protected acetate (29.5 g, yellow oil) was treated with sodium methoxide (8 g, 1.4 equiv.) in methanol (300 mL). After 48 h at rt, HCl (36%, 3 mL) was dropped to the mixture (pH 7). The solvent was removed in vacuo, and the residue distributed between ethyl acetate (600 mL) and H 2 O (200 mL). The organic layer was dried over Na 2 SO 4 -4) , 61.1 (t, -CH 2 -CH 2 -OH), 34.8 (t, -CH 2 -CH 2 -OH), 32.6 (t, C-1'), 32.0 (t, C-3'), 27.4 (q, CH 3 ), 27.3 (q, CH 3 ), 25.8 (t, C-2'), 22.6 (t, C-4'), 14.1 (q, C-5').
rac-41:
A solution of DMSO (10.93 g, 120 mmol, 3.5 equiv.) in CH 2 Cl 2 (130 mL) was slowly added to oxalyl chloride (15.27 g, 120 mmol, 3 equiv.) in CH 2 Cl 2 (130 mL) at -78 °C and stirred for 45 min under Ar. A solution of rac-40 (8.64 g, 40 mmol) in CH 2 Cl 2 (130 mL) was added dropwise at -78 o C. After 30 min stirring at -78 o C Et 3 N (33.4 ml, 240 mmol, 6 equiv.) was added. After 1 h at -78 °C, the mixture was allowed to warm to room temperature over 1 h. The mixture was concentrated in vacuo, diluted with ether (400 mL) and washed with H 2 O (2 x 150 mL). The organic phase was dried over Na 2 SO 4 and concentrated. The crude aldehyde (9.82 g, R f = 0.3, EtOAc/hexanes 1:4) was used in the next step without further purification. To a solution of diethyl allyphosphonate (9.8 g, 50 mmol, 1.2 equiv.) in THF (80 mL) BuLi (2.5 M in hexanes, 22 mL, 55 mmol) was slowly added at -78 °C. After stirring the mixture for 1 h at -78 °C, hexamethylenephosphor triamide (16 mL) and a solution of the crude aldehyde (9.82 g) in THF (50 mL) were added at room temperature and stirred at this temperature overnight. Volatiles were removed by concentration in vacuo. H 2 O (200 mL) was added to a residue and extracted with diethyl ether (3 x 150 mL). The combined organic fraction was washed with brine (100 mL), then dried over Na 2 SO 4 CDCl 3 ): δ=137.0 (d, C-3'), 133.5 (d, C-2'), 130.0 (d, C-4'), 116.0 (t, C-5'), 108.1 (s, C-2) , 80.6 (d, C-4), 80.3 (d, C-5), 36.0 (t, C-1'), 32.9 (t, C-1''), 32.0 (t, C-3''), 27.4 (q, CH 3 ), 27.3 (q, CH 3 ), 25.8 (t, C-2''), 22.6 (t, C-4''), 14.1 (t, C-5'').
rac-42:
A solution of rac-41 (3g, 12.59 mmol) in 60% AcOH (70 mL) was heated at 60 °C for 3 h. The solvents were removed in vacuo (45 °C, 18 mbar) and the crude product was purified by flash chromatography (silica gel, 0% to 23% EtOAc/hexanes) to give diol rac-42 (1.577 g, 63%) as light yellow oil. HRMS: m/z (ESI) calculated for C 12 t, C-8), 31.3 (t, C-10 ), 24.8 (t, C-9), 22.1 (t, C-11), 13.6 (q, C-12).
Palladium-catalysed cyclisations of polyols
General procedure (Method A), 45: The mixture of alkenol 12 (416 mg, 1.167 mmol), PdCl 2 (20 mg, 0.116 mmol, 0.1 equiv.), CuCl 2 (466 mg, 3.501 mmol, 3 equiv.) and AcONa (288 mg, 3.501 mmol, 3 equiv.) in glacial AcOH (7 mL) were stirred at 25-30 °C for 23 h. Solvent was evaporated in vacuo and the residue distributed between 10% aq NH 3 (10 mL) and AcOEt (10 mL). Water phase was extracted with AcOEt (2 x 15 mL) and combined org. layers were washed with brine (10 mL), dried (Na 2 SO 4 ) and concentrated. Purification 47 and 48: A mixture of PdCl 2 (17 mg, 0.14 mmol, 0.1 equiv.), CuCl 2 (567 mg, 4.22 mmol, 3 equiv.), AcONa (346 mg, 4.22 mmol, 3 equiv.) and diol 24 (355 mg, 1.408 mmol) in AcOH (15 ml) was stirred at 60 °C for 12 h. Solvent was evaporated in vacuo and the residue distributed between 10% aq NH 3 (25 mL) and AcOEt (35 mL). Water phase was extracted with AcOEt (3 x 35 mL) and combined organic layers were washed with brine (10 mL), dried (Na 2 SO 4 ) and concentrated. Purification of the crude product by flash chromatography (30% AcOEt in hexanes) yielded diastereomers 47 (145 mg, 41%) and 48 (87 mg, 25%). Spectroscopic data of 52 were in good agreement with those reported in the literature. ) were added sequentially. After stirring at rt overnight, the mixture was diluted with EtOAc (100 mL) and 10% aq. NH 3 (25 mL) was added. Organic layer was washed with brine (25 mL), dried (Na 2 SO 4 ) and concentrated. Purification by flash chromatography (gradient from 0 to 5% ethyl acetate in hexanes) yielded furan derivative 52 7 (320 mg, 65%). 
Data for
55: Prepared according to
